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22
MC3T3-E1 is a clonal pre-osteoblastic cell line derived from newborn mouse calvaria, which 23 is commonly used in osteoblast studies. To investigate the effects of estrogen on osteoblasts, the development of neurons [4] , and bone homeostasis [5] . Estrogen is critical to maintain 48 bone and bone density [6] . Estrogen deficiency often leads to the emergence of osteoporosis.
49
In postmenopausal women, estrogen secretion is markedly reduced, as is bone mineral density, 50 whereas the incidence of bone fractures is increased. This form of osteoporosis is called 51 postmenopausal osteoporosis (PO) [7] . An imbalance of osteoblasts and osteoclasts in the 52 bone causes osteoporosis [8] . PO has become one of the most important diseases that affects 53 older women, as it entails huge financial burdens for individuals and society, and reduces the 54 quality of life [9] .
55
In 1988, Komm et al. found that ERs are expressed in osteoblasts [10] , suggesting that 56 estrogen may have a regulatory role for osteoblasts. After the discovery of ERs on osteogenic 57 precursors and bone cells, an increasing number of studies has shown that estrogen has a 58 direct effect on osteogenesis, as well as an indirect effect that does not depend on ERs. 
99
The cells were incubated in the presence of E2 at different concentrations (0.01, 0. 
Quantitative real-time PCR (qRT-PCR) validation
159
Total cell mRNA was extracted using TRIzol®, according to manufacturer instruction 160 (Invitrogen). We subjected 10μg of total RNA to DNaseI treatment with 1 U DNaseI (NEB).
161
The reaction was carried out at 37°C for 10 min followed by heat inactivation at 65°C for10 control groups (Fig. 1) . However, in the high concentration E2 groups (1 and 10nM E2),
200
MC3T3-E1 cell proliferation was significantly higher than in the DMSO control groups (Fig.   201 1). These data revealed that high concentrations of E2 promote MC3T3-E1 cell proliferation.
202
In order to obtain robust data and explore the mechanisms of action of estrogen on 
213
GO analysis and KEGG pathway functional analysis of enriched DEGs
214
GO is an internationally standardized gene functional classification system that provides a set 
Confirmation of DEGs expression by qRT-PCR
236
We chose the candidate target genes from the bone metabolic signaling pathway. The (Fig. 3B) , Tgfbr1 (Fig. 3C) , Rock1 (Fig. 3D) , Lrp6, (Fig. 3F ),
242
and Sp1 (Fig. 3H) were down-regulated by E2 treatment, whereas Fos (Fig. 3E ) and Adra1b
243
( Fig. 3G) and Tgfbr1, compared to their expression in the DMSO control groups, in the MC3T3-E1 258 cells (Fig.4B-D) . MPP did not rescue the E2-mediated down-regulation of Bmpr1a and Tgfbr1
259
( Fig. 4B-D) . However, PTHPP treatment rescued the down-regulation of Bmpr1a and Tgfbr1
260
( Fig. 4B-D and ERE3, but not ERE2, in the Bmpr1a promoter (Fig. 5A) . Both of the EREs located in the
268
Tgfbr1promoter were bound by ERβ (Fig. 5B) 
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